Introduction
The theory of Keating bendings [1, 2] was form u lated in the conventional terms o f m olecular vibra tion studies by Cyvin [3] . This new internal coordi nate has been successfully applied to the E' species of the molecular vibration of planar symmetrical XY3 molecules [4 -8 ] , In all these works the Keating force field (for a definition, see below) proved to the better than the valence and central force fields. Furtherm ore, force fields based on the Keating bendings appeared to be better than those with D ecius' bendings [9] to reproduce the experimental frequencies of naphthalene, benzene, other con densed aromatics, and the dodecaborane ion [10] [11] [12] . The applicability of Keating bendings was also tested in bent symmetrical XY2 molecules [13] , In this case no general conclusion could be drawn with regard to the superiority o f the different coordinate types.
The purpose of the present work is to test the applicability of Keating coordinates to the T2 species of the molecular vibrations of tetrahedral XY4 type molecules, in comparison with valence and central coordinates. 
Theory

Valence Coordinates
The symmetrical XY4 (Td) molecular model is treated on pp. 121-124 of Cyvin's book [14] in terms of the stretchings, and scaled bendings, Ry-ij. One degenerate pair of symmetry coordinates of the species T 2 is
The corresponding G matrix block is
Central Coordinates
The central coordinates are obtained from the valence coordinates on replacing Decius' bendings {Ry-ij) by nonbond stretchings, dtj, as shown on pp. 143-146 of the cited book [14] . Accordingly one obtains the central symmetry coordinates, S c(T2) as
These expressions are applicable to all degenerate pairs (a, b, c). In consequence, the G matrix block of species T 2 in terms of the central symmetry coordi nates becomes G c(T2) = Here A is the half of the Y X Y angle, which here is tetrahedral. The symmetry coordinates follow:
The G k(T2) and Fk(T2) matrices obtained through this transform ation are given by
Gk(T2) = T ß x + Pv j 2 ' (4fix -f i r)
2 (t Px + P y) Fu = Fu + Fn + i F 22 Fh = % 2~1 * F i2 + j F22 F21 = j F 22-
Principles of Analysis
The validity of the Valence Force Field (VFF), Central Force Field (C FF) and Keating Force Field (KFF) can be judged by assuming F\2= 0 (VFF), Ff2 = 0 (CFF) and F , k2 = 0 (KFF). In this approach F\ j and F22 are determ ined in each case so that they reproduce exactly the observed frequencies of one isotopic molecule. The calculated frequencies of the other isotopic species of the molecule give a measure of the superiority of the different approxi mations.
Another approach to this problem is possible when a reliable force field is available, as based on accurate experimental data as isotopic shifts, Coriolis coupling constants, mean amplitudes of vibration, etc., in addition to the vibrational fre quencies of the m ain isotopic species. Such a force field has been referred to as " exact". It may be expressed by symmetry F matrices in terms of valence (VAL), central (CEN) and Keating (KEA) coordinates. The lowest m agnitude of the inter action constant (i.e. F]2, F\2 or F\2) is considered as an indication of the coordinate system which is best suited as a basis for approximations.
Numerical Computations
In the first approach (i.e. F\2 = 0, F\2 = 0 and F\2 = 0) we have considered the most recent vibra tional data of some tetrahedral XY4 molecules. They include accurate frequencies of different isotopically substituted species [15] [16] [17] , The two nonvanish ing force constants of the T 2 species were adjusted to fit exactly the experimental frequencies of one isotopic species; they are collected in Table 1 . The observed and calculated frequencies of the different isotopic species are shown in Table 2 .
In the second approach we have collected "exact" force fields from the literature [15] [16] [17] ; they have been obtained from Coriolis coupling constants and isotopic shifts of vibrational frequencies as addi tional data. In Table 3 we present these force fields in terms of the three coordinate sets o f the present study (i.e. VAL, CEN and KEA).
Conclusion
From the results in Table 2 we can infer that the Keating force field (K FF) is definitely the best of the three approximations for C H 4, C F 4, SiF4 and G eF 4. Also in the majority of the other cases KFF appears to be best, but the conclusion is not so clear all the time. Many of the shifts are relatively small, and the test can hardly be considered as significant within the experimental limits of error. The results from the second approach are reflect ed in Table 3 . The conclusions from this test are more significant than those from Table 2 since also the Coriolis constants have been invoked. These quantities are known to be sensitive for relatively small changes in force constants. In all cases it is found that \Fh\ < IF 12I < | f ? 2|.
Hence it is concluded unequivocally that the Keating coordinates are superior to either valence or central coordinates as a basis of force field approximations for the investigated XY4 molecules. 
